ABSTRACT: M~a s u r e m c n t s of natural marine phytoplankton communities were carried out in a mesocosm e x p e r i m~n t by means of pigment analysis by HPLC to identify phytoplankton composition, and using mirroscop~c ~dentification of species and measurement of cell volume to estimate the carbon content of the phytoplankton groups. The enclosures werc manipulated with additions of nutrients and mussels and reduction of light to induce changes in the phytoplankton communities. The trophic status of the individual enclosures was illustrated by F,, ratios deflned as the diagnostic pigments for diatoms and dinoflagellates d~v i d e d by the total concentration of all d~agnostic pigments. The F,, ratios were significantly correlated to F, ratios, defined as the carbon content of dinoflagellates and dlcitoms divided by total phytoplankton carbon, suggesting that the phytoplankton diagnostic pigments can be used as both a qualitative and quantitative indicator of the respective phytoplankton groups.
INTRODUCTION
Phytoplankton pigments have contributed to the description of phylogeny and taxonomy of algal classes because the distribution of accessory pigments in the algal groups 1s quite unique (Weber & Wettern 1980 , Rowan 1989 , and the pigments can be used diagnostically to identify the presence of individual phytoplankton groups in natural samples. In the last decade, pigment analyses carried out by high performance liquid chromatography (HPLC) have been increasingly used in qualitative investigations of phytoplankton group composition (e.g. Gieskes & Kraay 1983 , 1986 , Klein & Sournia 1987 , Bidigare et al. 1990 , Althuis et al. 1994 as an alternative to traditional microscopic analysis of phytoplankton. New HPLC techniques have improved separation and quantification of the phytoplankton pigments (e.g Mantoura & Llewellyn 1983, Wright et al. 1991) . The analysis by HPLC is rapld, very sensitive, and objective compared to microscopic enumerations, which are time-consuming and require taxonomic skill. Furthermore, particularly pico-and nano-sized algae require separate preparation techniques for identification, i.e. epifluorescence microscopy or electron microscopy. The taxonomic differentiation of these algae, at least to class level, can be aided by detecting their diagnostic pigments by HPLC (Hooks et al. 1988) .
Quantitative investigations of the correlation and conformity between pigment analyses and microscopic analyses of phytoplankton group composit~on in natural samples are still few (Wilhelm et al. 1991 , Tester et al. 1995 . This lack of information is probably due to difficulties in obtaining precise microscopic estimations of phytoplankton cell density, volume, and carbon content and to the lack of established factors for converting the concentration of the diagnostic pigments to phytoplankton group abundance. A number of aberrations, however, are also associated with the general use of diagnostic pigments as tracers of specific algal groups. For example, prasinoxanthin occurs only in prasinophytes, but not all prasinophytes contain prasinoxanthin (Egeland et al. 1995) . Some prymnesiophytes do not contain the diagnostic pigment 19'-hexanoyloxyfucoxanthin (Jeffrey & Wright 1994) , and some dinoflagellates contain 19'-hexanoyloxyfucoxan-thin instead of the marker pigment peridinin (Tangen h Bjornland 1981) . Further investigations on the correlations between plgment analyses and microscopic analyses are needed to evaluate the influence and extent of inconsistencies and to determine whether the pigment diagnosis only indicates qualitative aspects or includes quantitative patterns as well.
Recently, a pigment ratio (F,,) has been suggested as an indicator of the trophic status of a marine ecosystem (Claustre 1994) . It IS calculated as the integrated concentration of diagnostic pigments for diatoms and dinoflagellates (fucoxanthin and peridinin, respectively), divided by the integrated concentration of all diagnostic pigments (Claustre 1994) . The rat10 correlated well with chlorophyll a owing to the prevalence of diatoms and dinoflagellates in areas with new production according to the definition of Eppley & Peterson (1979) (Claustre 1994) . In this study, we tested the hypothesis that if there is correlation between the concentrations of the diagnostic pigments and the carbon content of the phytoplankton groups, then the FP ratios will be correlated to carbon ratios (F,), calculated as the carbon content of dinoflagellates and diatoms to all phytoplankton carbon. We chose a mesocosm approach to examine the time resolution of the diagnostic pigments and F, and F, ratios in natural phytoplankton communities exposed to changes in the nutrient, grazing, and light regimes.
MATERIALS AND METHODS
Mesocosm experiments were carrled out in Knebel Vig, Denmark (56" 13' N, 10'27' E) from 26 June to 8 July 1994, and in Hylsfjord, Norway (5g030'N, 6" 30'E) during the period 5 to 13 July 1995. In Knebel Vig, 10 large plastic enclosures, each with a volume of about 6000 1 (depth: 4 m, diameter-1.5 m) were filled with water from the bay. The salinity was 24%. The enclosures were attached to a pontoon bridge. The experimental set up is described in detail in Nybroe et al. (1992) .
Two of the enclosures served as controls ( C ) Nitrate and phosphate were added to 2 enclosures (NP), and nitrate, phosphate and silicate were added to another 2 enclosures (NPSI.). The nutrients were added daily from 26 to 29 June, to reach final concentrations of 14 pM NO3-, 2 ~.IM P043-and 14 pM SiO;. The nutrient concentrations were measured every day, and during the remain.ing part of the experimental perlod, nutrients were added to reach the concentrations above when the concentrations decreased to the detection level. Details on chemical and physical analyses are presented elsewhere (H. Kaas, T. G. Nielsen & J. N. Larsen unpubl.). Two enclosures (DL) were covered with green net filters to simulate the light quality and quantity that are prevalent in the dcvbper part of the water column in the coastal zone (Jerlov 1968) . The solar radiance in the DL enclosures was reduced by 90%. In 2 enclosures, 100 mussels (filytilus edulis L.; < 3 cm in length) were placed in net bags in the middle of the enclosures (M). All enclosures were stirred wlth windmills.
Sampling was carried out in 3 depths every second day (with the exception of 28 June), and the 3 depths were pooled into 1 sample before sampling for microscopic enumerations and pigment analyses. Pigment analyses and phytoplankton cell enumerations were only carried out in one of the replicates, but spectrophotometrical analyses of total chlorophyll a and primary production were carried out in both enclosures and the replicates were very similar (i.e. generally %10%,) (H. Havskum, B. Riemann, K. Garde & T K. Thingstad unpubl.).
1n Hylsfjord, the mesocosm experiments consisted of 8 enclosures, each containing 1600 1. The salinity was ?Ym. The following nutrients were added daily to selected duplicate enclosures: nitrate (N), nitrate and phosphate (NP), nitrate and glyclne (NG), and nitrate, phosphate and glycine (NPG). The amount of nutrients added corresponded to final concentrations of 2 pM NO3-, 0.1 pM Pod3-, and 4 pM glycine. Glycine was added to examine possible carbon limitation and the results have been reported elsewhere (Havskum & Hansen. 1997) . The N enclosures acted as control enclosures, slnce the phytoplankton in Hylsfjord has been found to be phosphorus limited during the summer period (Aure & Rey 1992 , Thingstad et al. 1993 .
The mesocosms were sampled as described for Knebel Vig. Samples for pigment analyses and microscopic identification were sampled every day. From 7 July on, samples for microscopic identification were only taken every second day. Further details on sampling and chemical and physical analyses are described in T. F. Thingstad, B. Riemann, D. Lefevre,
For microscopic determination of the phytoplankton, samples for determination of larger algae 1>20 uml were fixed in Lugol's solution and enumerated using an inverted microscope. Samples for determination of pico and nano algae were fixed in glutaraldehyde, filtered onto black 0.2 and 0.8 pm filters, and enumerated using an epifluorescence microscope. The phytoplankton cells were assigned to groups, and at least 100 cells were enumerated. For each group, at least 20 cells in each sample were measured. The cell volume was calculated by assigning simple geometric shapes to the organisms of which 1 or 2 dimensions were measured (HMSO 1990) . The dimensions of naked flagellates were multiplied by a factor 1.1 to compensate for shrinkage due to fixation (Choi & Stoecker 1989) . Phytoplankton cell volume (for diatoms, the volume of the vacuole was subtracted from the cell volume) was converted to carbon biomass using conversion factors: 0.22 pg C pin-3 and 0.25 pg C were used for prokaryotic and eukaryotic picoplankton, respectively (Sandergaard et al. 1991) , 0.13 pg C pm-3 was used for thecate dinoflagellates, and 0.11 pg C pm-3 for all other phytoplankton cells (Mullin et al. 1966 , BMEPC-HC 1988 .
For pigment analyses, 100 to 500 m1 water was filtered onto 25 mm GF/F filters which were frozen and stored in liquid nitrogen and analyzed within 3 mo. Prior to analysis, the filters were thawed, placed in 3 m1 100% acetone, sonicated on ice, and stored cold for 24 h. The samples were refiltered and injected into a Shimadzu LC-1OA HPLC system according to the method described by Wright et al. (1991) , with the following modifications: solvent A, 80:20 n1ethanol:0.5 M ammonium acetate; solvent B, 87.5:12.5 acetonitrile: water; solvent C, ethyl acetate. The linear gradient was 0 min, 100 % A ; 2 min, 100%B; 2.6 min, 90%B/10 %C; 13.6 min, 65 %B/35 %C; 20 min, 31 %B/69 %C; 28 min, 100%B; 31 min, 100%A; flow rate l m1 min-'. The HPLC system was calibrated with pigment standards, kindly provided by R. R. Bidigare, University of Hawaii, and with pigment standards from The International Agency for 14C Determination, Harsholm, Denmark. Peak identities were routinely confirmed by online diode array.
The F, ratios were calculated as described by Claustre (1994), although modified slightly, since the water column subsamples were integrated before analysis into one sample, as described previously (in Knebel Vig, the integrated samples represented the entire water column, while in Hylsfjord, the enclosures only reached a depth of 2 m):
The F, ratios were calculated as: Fc = (the carbon content in diatoms + the carbon content in dinoflagellates)/(the carbon content in all phytoplankton groups)
RESULTS
The manipulations in the enclosures in Knebel Vig resulted in changes in the phytoplankton pigment composition of the plankton communities (only diagnostic pigments will be treated). In the control enclosure, chlorophyll a (chl a), measured by HPLC, varied between 1.5 and 4.5 pg I-', fucoxanthin constituted around half of the accessory pigments, while zeaxanthin, chlorophyll b (chl b), alloxanthln, 19'-hexanoyloxyfucoxanthin (19'-hex), and peridinin were present in varying amounts (Fig. 1) . The pigment 19'-butanoyloxyfucoxanthin (19'-but) was detected in the middle of the experimental period and only in the control enclosure (Fig. 1) . In the NPSi enclosure, chl a increased to 35 pg I-' on 2 July closely followed by an increase in accessory pigments (Fig. 1) . Fucoxanthin constituted more than 80% of the accessory pigments on 2 July with a decreasing tendency in the last part of the experimental period (Fig. 1) . In the NP enclosure, chl a increased to almost 20 pg 1-' in the middle of the experimental period, fucoxanthin constituted around 30% of the pigments, and peridinin became more concentrated in this enclosure compared to the control (Fig.  1) . In the DL enclosure, chl a decreased, after a minor increase, to concentrations of 0.25 to 0 5 pg 1-l, which was even lower than in the control at the end of the experimental period (Fig. 1 ). There was a substantial change in the phytoplankton pigment composition, including prevalence of fucoxanthin in the beginning, peridinin on 2 July, alloxanthin and chl b on 4 July, and finally, fucoxanthin again on 8 July (Fig. 1) . In the M enclosure, chl a ranged between 0.9 and 2.6 pg 1-l, and the pigment composition changed from a prevalence of peridinin and fucoxanthin to prevalence of alloxanthin, zeaxanthin and chl b (Fig. 1) .
In Hylsfjord, the phytoplankton pigment composition was also influenced by the manipulations: chl a increased in the N and NG enclosures from 2 pg 1-' to respectively 5.5 and 8 pg I-' in the middle of the experimental period, then decreased to concentrations around 3 to 4 pg 1-' (Fig. 2) . The presence of phosphorus in the NP and NPG enclosures caused an increase in chl a to 12 pg 1-' on 10-11 July (Fig. 2) . In all Hylsfjord enclosures, fucoxanthin and peridinin dominated the phytoplankton pigments (Fig. 2 ). Beside these 2 pigments, alloxanthin, zeaxanthin, and chl b (of the diagnostic pigments) were detected. In the enclosures with added P, peridinin and fucoxanthin became even more prevalent, and the contribution of chl b was reduced compared to the N and NG enclosures, while the level of zeaxanthin and alloxanthin was more or less similar to levels in N and NG (Fig. 2) . The glycine addition did not have any distinctive effect on the phytoplankton pigments.
The F,, and F, ratios
In Knebel Vig, the initial F, ratios ranged between 0.45 and 0.65 (Fig. 3a) . Additions of NP did not -Chlorophyll a change the FP ratios, which remained relatively constant throughout the experimental period, and the ratios were also rather constant in DL except for 4 July, where the ratio dropped to 0.25 (Fig. 3a) In the NPSi enclosure, however, the ratio increased to Note the d~fferent scales almost 0.9 on 2 July, after which the ratio decreased again (Fig 3a) . In the M enclosure, the FP ratio decreased throughout the experimental period and reached the lowest measured value, at 0.2, on 6 July (Fig 3a) . The F, ratios in Hylsfjord ranged between 0.7 and 0.95, and tended to increase in all enclosures during the experimental period (Fig. 3b) . The F, ratios in the NP and NPG enclosures were generally slightly higher than those In the N and NG enclosures (Fig. 3b) .
The microscopic analyses confirmed the presence of phytoplankton groups which corresponded to the diagnostic pigments found in this study: dinoflagellates (peridinin), diatoms (fucoxanthin), prymnesiophytes (19'-hex), cryptophytes (alloxanthin), cyanobacteria (zeaxanthin), chlorophytes, euglenophytes, prasinophytes (chl b) and prasinophytes (prasinoxanthin). Furthermore, the following were identified by microscopic analysis of Knebel Vig samples: chrysophytes, dictyochophytes, pedinellophytes, sarcinochrysidophytes (all groups contain fucoxanthin [dictyochophytes and pedinellophytes were originally included in the class Chrysophyceae sensu Christensen (1962) ], and eustigmatophytes (contain vaucheriaxanthin-like pigment (Karlson et al. 1996) , which was not detected). 19'-but was formerly thought to be associated with chrysophytes, but after description of a new algal class, pelagophytes, 19'-but is now considered as the diagnostic pigment for this algae class (Andersen et al. 1993 .
The F, ratios were calculated from the carbon content determined from microscopic analysis, and all phytoplankton groups which were detected in Knebel Vig and Hylsfjord were included. The plot of F, ratios against F, ratios was divided in 2 groups: a Knebel Vig group, where the F,, ratios generally were below 0.70 and a Hylsfjord group, including a few Knebel Vig data points, where the F, ratios were above 0.70 (Fig. 4) . There was statistical significant correlation (Fig. l ) , a more than 100-fold biomass variation. In the study per~od, a large number of different phytobetween the F, ratios and the FP ratios (r, = 0.83, p plankton communities had developed which permitted 0.001, Spearman's coefficient of variation). The F, a comprehensive analysis of the relationship between ratios were generally higher than the F, ratios, and the occurrence of diagnostic pigments and the presthe Hylsfjord data set was closer to the ideal line X = y ence of specific algal groups. than the Knebel Vig data set (Fig. 4) .
Two important messages came out of the exercise. All diagnostic pigments from the experiments in First, there was a promising significant correlation Knebel Vig and Hylsfjord were significantly correlated overall between the F,, and the F, ratios (Fig. 4) . Second, to chl a (Fig. 5) . Fucoxanthin, alloxanthin and 19'-hex a significant correlation was found between chl a and were tightly coupled to chl a, while the correlation of the individual diagnostic pigments (Fig. 51 and between peridinin, and especially chl b and zeaxanthin to chl a phytoplankton carbon and chl a (Fig. 6) . A cornpanson was less obvious (Fig. 5) . Furthermore, chl a was sigbetween the pigments and the microscopic observanificantly correlated to total phytoplankton carbon (y = tions is constrained, however, by the fact the pigment 2 4 . 3~ + 29.3; r2 = 0.75, p < 0.05; Fig. 6 ). The enclosures content of the phytoplankton cells changes, e.g. when with low phytoplankton content in Knebel Vig (C, M, the phytoplankton cells photoacclimate (reviewed by and DL) were generally situated below the regression Falkowski & LaRoche 1991). Some of the data set in this line in Fig. 6 , indicating that the carbon/chl a relationstudy (C, M and DL enclosures in Knebel Vig) were deships were lower for these data set than the rest of the viating slightly from the rest by having lower carbon/ Knebel Vig and Hylsfjord data set. chl a relationships (Fig 6) . On the other hand, micro- pigment for dinoflagellates, some dinoflagellates do not contain peridinin (Tangen & Bjornland 1981) , but the F,-F, relationship has probably not been seriously affected by the presence of non-peridinin-containing dinoflagellates.
While the precision in HPLC analyses is usually high [coefficient of variation, CV < 5%; Latasa et al. (1996) ], the microscopic enumerations typically have large standard deviations: Wilhelm et al. (1991) found standard deviations of between 15 and 50 % on countings and estimations of the biovolume of the major algal groups. The reproducibility of the countings is of course related to the numbers of cells counted. The variation arises e.g. in connection with the seldom occurrence of large phytoplankton species in the counted subsamples. Since much larger quantities of water are filtered for sample analysis by HPLC (usually 50 to 100 times the am.ount used for microscopic estimations), this problem of variation is diminished when using HPLC for ph.ytoplankton group detection. An example is the microscopic enumeration of phytoplankton in the control enclosures in Knebel Vig (data shown in Havskum et a1 unpubl.), where the dinoflagellates disappeared on 8 July from the countings, while peridinin was still present in the pigment extract (Fig 1) . The dinoflagellates were apparently not detected in the microscope, probably because of few large cells that dld not appear in the small volume of the subsample counted. Such inconsistencies can have contributed to the lowered F, ratios in relation to the F,, ratios seen In Fig. 4 Of minor importance for the F,,-Fc relationship are inconsistencies within algal groups other than dinoflagellates and diatoms. For example, chl b was detected in the pigment extract on 8 July in the control, but chlorophytes, prasinophytes, and eugl.enophytes, which all contain chl b, were not detected in the cell countings. This could indicate that prochlorophytes constituted a part of the pigmented picoplankton assigned to cyanobacteria or that prochlorophytes were simply not detected in the microscopic observations (no attempt was made to separate divinyl, chl a and b, the diagnostic pigments for prochlorophytes, from monovinyl chl a and b with the HPLC method used in this study). Furthermore, in the control enclosure, 19'-but appeared in the middle of the experimental period (Fig l ) , but pelagophytes were not detected in the cell counting. Either 19'-but originated from other 19'-but containing phytoplankton groups [e.g. dinoflagellates or prymnesiophytes (Liaaen-Jensen 1985 , Wright & Jeffrey 1987 ], or pelagophytes were not identified.
Contrary to the Knebel Vig data set, the diagnostic pigments and the corresponding phytoplankton groups of the control and other Hylsfjord enclosures revealed F, and F, ratios, which were much closer to the ideal line X = yin Fig. 4 . The phytoplankton in Hylsfjord differed from the phytoplankton population in Knebel Vig, since almost no pigmented picoplankton (11 O/o of the pigmented biomass) was present (Havskum & Hansen 1997) . Possible misidentification or uncounted pigmented picoplankton was thus unimportant.
The F, ratios were between 0.45 and 0.65 in the control in Knebel Vig and between 0.7 and 0.95 in the controls in Hylsfjord (Fig. 3) , corresponding to mesotrophic and mesotrophic/eutrophic ecosystems respectively, which are characterized as transient and unsteady according to Claustre (1994) . In such environments, the phytoplankton consists generally of opportunistic, large forms (Fogg 1991 , Claustre 1994 , such as diatoms and dinoflagellates. These groups responded to P addition in Hylsfjord, and in the NPSl enclosure in Knebel Vig, Si addition caused an enormous increase in diatoms (also confirmed by microscopic observations; Havskum et al. unpubl.) . The development of the F, ratios in the NPSi enclosure (Knebel Vig) as well as in the enclosures added P in Hylsfjord coincided with the development of chl a ( Flgs. 1 & 3) . This is in accordance with the observations of Claustre (1994) , who found that F,, ratios were positively related to chl a. In the NP enclosure in Knebel Vig, however, the F, ratlos remained constant, whereas chl a and the diagnostic pigments increased (although the pigment concentrations decreased after 2 July, the level was still several times higher than in the control). The nutrient addition apparently caused an increase in all phytoplankton groups, rather than only diatoms and dinoflagellates (Fig 1) .
In the M enclosure, the F, ratios and the chl a decreased due to filtration by Mytilus edulis (Figs. 1 &  3) . In particular, the lowered F, ratios and the decrease of peridinin and fucoxanthin (Fig. 1) indicated that dinoflagellates and diatoms were preferably taken up by the mussels. Periods with high pelagic heterotrophic grazing activity might also cause similar displacements in the phytoplankton composition, which explain some of the large variations in F, ratios observed by Claustre (1994) in mesotrophic areas (0.15 to 0.85) and also found in this study.
Light deprivation also influenced the phytoplankton pigments (DL , Fig l ) , although the FP ratio was affected only on 4 July (Fig 3) . The increase in all phytoplankton pigments on 30 June, except zeaxanthin, which is considered as a photoprotective pigment (Bidigare et al. 1989 , Demmig-Adams 2990 , reflected an adaptation to the lowered light intensity in this enclosure, since the carbon content decreased during the whole experimental period (Havskum et al. unpubl.) . The cellular increase in photosynthetic active pigments at the beginning of the experimental period could, however, not compensate for the severe reduction in light intensity. The photosynthetic pigments absorb poorly in green light (Johnsen et al. 1992 , Schubert et al. 1995 , which prevailed in this enclosure, and the low light intensity of a poor quality probably caused the observed extinction of the phytoplankton in the DL enclosure (Fig. 1) .
Recently, a study of the composition of natural phytoplankton populations in oligotrophic waters determined with HPLC measurements showed general agreement with direct electron microscope taxonomic identifications of the relative composition of the phytoplankton groups . In the present study, the correlation between F,, and Fc suggests that the relationship between the phytoplankton pigments and the phytoplankton group composition is not only of a qualitative character. Furthermore, the individual diagnostic pigments were positively correlated to the chl a concentrations, although some of the relationships, i.e. chl b, 19'-hex and zeaxanthin (which is a photoprotective pigment, and was not expected to vary in relation to chl a) were variable (Fig. 5) . This is in accordance with Gieskes et al. (1988) , who found general correlation between chl a and the individual accessory pigments within areas divided by a cluster analysis in the Banda Sea. But when the trophic status of various oceanic provinces were considered, from oligotrophic to eutrophic areas, Claustre (1994) found that fucoxanthin and to a lesser extent peridinin were the only pigments which were correlated to chl a standing stocks.
Correlation between the individual diagnostic pigments and chl a is, nevertheless, a necessary assumption for carrying out multiple linear regression for calculating the contribution of each phytoplankton pigment to the total chl a. Multiple linear regression has been used to quantify the contribution of the individual phytoplankton groups of chl a (Gieskes et al. 1988 , Bustillos-Guzman et al. 1995 , Tester et al. 1995 in order to convert the concentrations of the diagnostic pigments to phytoplankton group biomass expressed as chl a. The many variables (up to 10 diagnostic pigments) enable a quite precise prediction of chl a. The variation of the pigment concentrations, however, does result in some unrealistic values, which necessitates constraining the constant values in the multiple regression (Barlow et al. 1993 , BustillosGuzman et al. 1995 . Depending on the choice of suitable constant values, the result of the multiple linear regression can be highly variable. An alternative method for calculating the contribution of the diagnostic pigments of chl a is to use the ratios between the diagnostic pigments and chl a derived from laboratory experiments as seed values (Everitt et al. 1990 , Letelier et al. 1993 . More experiments on the influence of the quality and quantity of light and trophic relationships, e.g. nutritional conditions, on the ratios between diagnostic pigments and chl a could probably provide different seed values for areas of different trophic states and different light climates. The division of chl a into different phytoplankton groups on the basis of the concentration of the diagnostic pigments is a more obvious method for quantifying the phytoplankton groups than converting concentrations of the diagnostic pigments to carbon content, since the carbon content of phytoplankton cells in relation to pigment content probably varies in a less apparent way than the diagnostic pigments in relation to chl a. The use of seed values can aid to determine the contribution of each phytoplankton group to total chl a.
In conclusion, the significant correlations between F,, and F, for the phytoplankton communities examined suggested that the diagnostic pigments could be used to obtain information on the occurrence of important algal groups and their quantitative contribution to the standing stock of pigmented n~icroorganisms. Considering the methodological advantages (higher precision, faster, and cheaper) of the pigment approach over microscopic investigations, an intensified use of pigment techniques is justified both in general studies of production, flux, and fate of organic matter dynamics and in descriptions of the diversity of phytoplankton communities.
